Background: To determine the relationship between adherence to the diet reported by patients with type 1 diabetes under routine clinical care in Brazil, and demographic, socioeconomic status, glycemic control and cardiovascular risk factors. Methods: This was a cross-sectional, multicenter study conducted between
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Introduction
The treatment of diabetes should start with nonpharmacological therapies such as lifestyle interventions. A healthy lifestyle with regular physical activity and healthy eating are very important tools in reaching and maintaining an adequate glycemic control in patients with type 1 diabetes (T1D) [1] . Health care professionals are frequently challenged with the task of motivating patients to follow dietary and exercise guidelines and take insulin injections to improve their diabetes control and thereby slow or avoid the occurrence of diabetes-related acute and chronic complications. Lifestyle modification is an integral part of T1D management. Patients with T1D, because of a universal need for insulin, must learn to count or closely estimate the amount of carbohydrate they consume to help regulate their blood glucose levels and adjust their insulin doses. Failure to do so can lead to hyperglycemia or hypoglycemia [1] .
Medical nutrition therapy (MNT) is important at all levels of diabetes care. MNT is also an integral component of diabetes self-management education and training. The first nutrition priority for individuals requiring insulin therapy is to change their lifestyle in order to incorporate an insulin regimen into their preferred diet and exercise routines. With the many insulin options now available, an appropriate insulin regimen can usually be developed to conform to an individual's preferred meal routine, food choices and physical activity pattern [2] .
In addition, the guidelines recommend reaching an optimal glycemic control avoiding the development of overweight or obesity as well as hypoglycemia and diabetesrelated comorbidities (hypertension and dyslipidemia) and cardiovascular diseases [3] .
The diet regimen for T1D is complex. Studies conducted in order to investigate the diet adherence of children and adolescents with T1D have found rates of dietary adherence ranging from 21% to 56% based on self-reported adherence rates [4] and rather poor adherence to nutritional recommendations in adults with T1D [5, 6] .
The aim of this study was to determine the relationship between the adherence to the diet reported by the patient and demographic, socioeconomic status, glycemic control and cardiovascular risk factors, in patients with T1D under routine clinical care in Brazil.
Research design and methods
This was a retrospective observational, cross-sectional, multicenter study conducted between December 2008 and December 2010 in 28 secondary and tertiary care public clinics. These clinics were located in 20 cities within four Brazilian geographic regions (north/northeast, midwest, southeast and south). The methodology has been described previously [7] . Briefly, all patients received health care from the National Brazilian Health Care System (NBHCS). Each clinic provided data from at least 50 T1D outpatients that regularly attended this clinic. All patients were treated by an endocrinologist in secondary or tertiary care settings. The inclusion criteria included T1D patients diagnosed by a physician based on a typical clinical presentation including variable degrees of weight loss, polyuria, polydipsia and polyphagia, as well as the need of using insulin continuously since the diagnosis. Appendix lists each local center's ethics committee approval of the study. Each center had a coordinator who was trained to analyze the data that were obtained from the medical charts.
Our sample size was of 3,591 patients; however, this study was comprised of only patients with at least one year of medical follow-up at each respective center that was a total of 3,180 patients (88.5%). All patients were diagnosed with T1D between 1960 and 2010. Patients younger than 13 years old were considered to be children, patients between 13 and 19 years old were classified as adolescents, and patients older than 19 were considered to be adults according to the American Diabetes Association criteria (ADA) [2] .
The following variables were assessed by a questionnaire applied during a clinical visit: current age, age at diagnosis, diabetes duration, height (m), weight (kg), treatment modalities for diabetes or diabetes-related comorbidities, frequency of self-monitoring of blood glucose (SMBG) and smoking status. The questionnaire included also selfreported questions related to nutritional factors associated with diet in daily clinical practice such as if the patient followed any prescribed diet, the specific health care professional that prescribed the diet, how adherent to the reported diet patients were (it is of note that adherence was defined as following at least 80% of the time of the reported diet), type of reported diet, main difficulties found to follow the diet, presence of comorbidities, self-reported frequency of severe hypoglycemia and hospitalization because of either diabetes ketoacidosis or hyperglycemia. The levels of HbA1c, fasting plasma glucose (FPG), total cholesterol, low-density lipoprotein (LDL) cholesterol, high-density lipoprotein (HDL) cholesterol, and triglycerides measured during the last clinical visit were obtained from the patients' medical records. Within one year of the study assessment, the patients with a diabetes duration greater than or equal to five years were screened for chronic diabetesrelated complications: retinopathy (classified as absent, nonproliferative, or proliferative; by fundoscopy); clinical nephropathy (according to ADA recommendations [8] ; macrovascular diseases (classified as clinical coronary artery disease, stroke, and peripheral vascular disease); and foot pathologies.
The following ADA goals for adequate metabolic and clinical control [8] were adopted by the Brazilian Type 1 Diabetes Study Group (BrazDiab1SG). Good glycemic control (HbA1c at goal) was defined as HbA1c levels of < 58 mmol/mol (7.5%) for T1D patients between 13 and 19 years old; < 64 mmol/mol (8%) for patients between 6 and 12 years old; between 58 mmol/mol (7.5%) and 69 mmol/mol (8.5%) for patients < 6 years old; and <53 mmol/mol (7%) for adult T1D patients (8) . Poor glycemic control was defined as HbA1c levels higher than 75 mmol/mol (9%).
The body mass index (BMI) was determined by dividing an individual's weight (kg) by the square of the height (m 2 ). In adults, being overweight was defined as having a BMI of ≥ 25 kg/m 2 , and obesity was defined as a BMI of ≥ 30 kg/m 2 [9] . In children and adolescents, overweight was defined as a BMI of ≥ 85th percentile for age and gender, and obesity was defined as a BMI of ≥ 95th percentile for age and gender [10] .
In 2,765 patients (87.1%), HbA1c was measured using methods certified by the National Glycohemoglobin Standardization Program (NGSP): high-performance liquid chromatography in 1,512 patients (54.7%) and turbidimetry in 1,253 patients (45.3%). HbA1c levels determined using methods that were not certified by the NGSP and patients with missing data were excluded from the analyses (n = 411, 12.9%).
Sample calculation and socioeconomic status definition
A detailed description of how the study sample was selected has been described previously [9] . Briefly, the study aimed to represent the distribution of T1D cases across each geographic region of Brazil estimated according to the population distribution reported by the 2000 Brazilian Institute of Geography and Statistics Census (IBGE) [11] combined with national estimates of diabetes prevalence derived from a survey conducted in 1988, to determine the minimum number of patients that should be studied in each region [12] . Each region enrolled more than 95% of the estimated number of patients in this study. Socioeconomic status were defined according to the Brazilian Economic Classification Criteria which also considers education level, which is categorized as illiterate/incomplete primary education, complete primary education/incomplete secondary education, complete secondary education/incomplete high school, complete high school/some college and complete college education [13] . For this analysis, the following classes of economic status were considered: high, middle, low and very low.
Statistical analysis
The data are presented as the mean (± SD) or the median (minimum-maximum) for continuous variables and as numbers (relative frequencies) for discrete variables. Comparisons between independent continuous variables were performed using independent, two-sided t-tests, linear association or ANOVA with Bonferroni correction, as indicated. Two-sided Z-tests were used for comparisons between discrete variables with a normal approximation to the binomial distribution. A multiple logistic regression was performed with adherence to the prescribed diet (yes/no) as dependent variable. The following independent variables were included: ethnicity (Caucasian or non-Caucasian established by medical charts or self-report); age (categorized in three groups: 0-12.9, 13.0-18.9 and ≥19.0 years); gender; type of reported diet, duration of diabetes, level of care (tertiary or secondary), follow-up time in each center, smoking status, BMI, number of medical clinical visits in the previous year and socioeconomic status. For this analysis, the Nagelkerke R-squared was also calculated. The analyses were performed using SPSS version 16.0 (Statistical Package for the Social Sciences, Chicago, Illinois). Odds ratios with 95% CI were expressed as indicated. A twosided p value of less than 0.05 was considered significant. When using multiple statistical tests, the p-values were adjusted using the Bonferroni correction.
Results
Overview of adherence to the prescribed diet and participant demographics, economic status, level of care and insulin treatment modalities Demographic data are detailed in Table 1 . Overall, 1,722 (54%) of the patients reported adherence to the prescribed diet, without difference according to gender, mean age, age at diagnosis of diabetes, duration of diabetes, economic status, geographical region of the country, time of follow-up at each respective center and level of care. More Caucasian patients reported adherence to the diet than non-Caucasian patients (p = 0.001). The comparison between adolescents and adults showed that the former reported less adherence to the diet (p < 0.001). These data are described in Table 2 .
An association was also observed between insulin regimens and a reported adherence to the prescribed diet as follows: among the patients treated by conventional therapy (CT) (intermediate human insulin one to two injections daily), 163 (51.6%) reported to be adherent to the diet; among those on intensive therapy (IT) 761 (50.7%) of the patients treated by one or two injections of intermediate human insulin plus human regular insulin; 324 (52.7%) of the patients treated by one or two insulin injections of intermediate human insulin plus short-acting insulin-analogues; 363 (64.0%) of the patients treated by basal-bolus (one or two insulin injections of long-acting insulin-analogues plus short-acting insulin-analogues or long-acting insulin-analogues plus regular insulin); and 29 (76.3%) of the patients treated by basal-bolus with continuous subcutaneous insulin infusion (CSII) reported to be adherent to the diet. The adherence was greater in patients using basal-bolus (one or two insulin injections of long-acting insulin-analogues plus short-acting insulin-analogues or long-acting insulin-analogues plus regular insulin and CSII in comparison to each of the other groups (p < 0.001). No difference was found between both insulin regimens.
Overview of medical nutrition therapy and adherence to the prescribed diet and its determinants
More patients who reported adherence to the diet had had an appointment with a dietitian in the previous year in comparison to those patients that did not have an appointment. The adherence to diet was not related to who prescribed the diet, either a dietitian or an endocrinologist.
The majority of the patients 1,546 (48.6%) followed a diet avoiding only sweets and sugar, 397 (12.5%) followed a diet according to Brazilian Diabetes Society (BDS) [14] and the ADA 2008 recommendations [2] , 967 (30.4%) followed a diet of carbohydrate counting, 155 (4.9%) a diet according to foods' glycemic index and 115 (3.6%) other types of diet.
An association was noted between adherence and type of diet as follows: 626 (36.4%) of the patients who reported a diet of carbohydrate counting, 224 (13.0%) of the patients who reported a diet according to BDS and ADA's 2008 recommendations; 80 (4.6%) of the patients who reported a diet according to foods' glycemic index; 741 (43.0%) of the patients who reported a diet avoiding only sweets and sugar; and 51 (3.0%) of the patients who reported other types of diet, (p < 0.001).
Patients who reported adherence to the diet reported less difficulties to follow the diet compared to those that were not adherent (p < 0.001). These data are described in Table 2 .
Using multivariate analysis and adjusting for other variables, the probability of a given patient be adherent to the prescribed diet was of 6.7%. The independent variables associated with adherence were ethnicity, age, BMI, number of medical clinical visits in the previous year, smoking status, carbohydrate counting and diets recommended by BDS and ADA's. The adjusted model is shown in Table 3 .
Overview of adherence to the prescribed diet and glycemic control A lower mean of HbA1c levels was observed in patients who reported adherence to the diet in comparison to the Hospitalization for hyperglycemia or ketoacidosis. ## HbA1c at goal was defined as: as HbA1c levels of < 58 mmol/mol (7.5%) for T1D patients between 13 and 19 years old; < 64 mmol/mol (8%) for patients between 6 and 12 years old; between 58 mmol/mol (7.5%) and 69 mmol/mol (8.5%) for patients < 6 years old; and <53 mmol/mol (7%) for adult T1D patients.
###
HbA1c levels higher than 75 mmol/mol (9%) was defined as poor glycemic control.
####
Overweight and obesity were considered together. other group. More patients who reported adherence to the diet reached the target of HbA1c, and performed SMBG more frequently. Less patients which reported adherence to the diet had hospitalization because ketoacidosis or hyperglycemia. Severe hypoglycemia was not associated with adherence. These data are described in Table 2 .
Overview of adherence to the prescribed diet and cardiovascular risk factors
Being overweight or obese was observed in 990 patients (31.3%). Less patients who reported adherence to the prescribed diet were overweight or obese and were current smokers in comparison to the other group. Patients who reported adherence to the diet had lower BMI, diastolic blood pressure, total cholesterol, triglycerides, LDL-cholesterol, non HDL-cholesterol and higher HDL-cholesterol than the other group. These data are described in Table 2 .
Discussion
The evaluation of adherence to the prescribed diet in Brazilian patients with T1D revealed that approximately 54.2% of them were adherent to the reported diet. The majority of these patients were Caucasians, had gone to more medical clinical visits in the previous year and were under carbohydrate counting and diets recommended by diabetes societies' guidelines and using more complex schedules of insulin therapy. Moreover, adherence to the diet was associated with better glycemic and cardiovascular risk factors control including lower rates of overweight or obesity and healthier lifestyle habits such as non-smoking. The most frequent difficulties to follow the diet reported by the patients were the quantity of prescribed food and the eating time patterns. A systematic review of 23 manuscripts on dietary adherence in youth with T1D showed rates of adherence to eating behaviors ranging from 21% to 95% and studies examining the contents of macronutrients and dietary recommendations revealed higher intakes of fat and saturated fat and lower than recommended intakes of fruits, vegetables, and whole grains [15] . The same was found among adults with T1D [5, 6] .
Several studies have shown problems with dietary adherence in patients with T1D [4] [5] [6] 16] ; in our study we have found that the adherence to the diet was less significantly found in adolescents than in adults [16, 17] . Some studies have established that current age, gender, and diabetes duration are crucial non-modifiable risk factors for diabetes poor management and suggest that adolescents who are older, whose disease duration is longer are more likely to have problems with diabetes selfcare [18] [19] [20] . Previous evidence on a larger multiethnic sample of youth with T1D suggest that both progressive loss of beta cell function and difficulties in maintaining a long lasting motivation for the intensive daily diabetes care patterns required for an optimal glucose control are risk factors for poor glucose control and decreased adherence to diabetes management tasks, which often occur during the adolescence [19, 20] .
The adherence to the diet was higher in patients who reported an appointment with a dietitian in the previous year compared with patients who had not [21, 22] . It is well established that appointments with a dietitian is beneficial to the management of diabetes in youth and improve their eating habits and glycemic control [17] .
An association between the type of reported diet and adherence showed that carbohydrate counting [23] was frequently performed, following the recommendations of the BDS [14] and ADA [2] . The interest in carbohydrate counting is increasing since its results are effective and allows greater flexibility in foods choice [23, 24] . Although controversial, the glycemic index diet [25] was also reported by some patients. The data concerning those diet avoiding only sweets and sugar is consistent with a study that has found differences in perceptions of healthy eating versus perceptions of eating practices that are good for diabetes management. Specifically, foods high in fat but low in carbohydrate were commonly reported as being good for diabetes management [26] . Another study has found parents and youth that classified fruits as "unhealthy" foods because they can lead to higher postprandial glucose levels. They identified "healthy" vs "unhealthy" foods based on their effect on glycemic control [25] . There are many barriers that prevent T1D patients adhering to the treatment and to the diet more specifically. For adults with T1D twelve types of problematic situations have been identified: negative emotions, resisting temptation, eating out, feeling deprived, time pressure, temptation to relapse, planning, competing priorities, social events, family support, food refusal and absence of friends' support [27] . In young adults with an average age of 22 years, family conflicts, psychological problems, and carbohydrate counting obstacles remain unsolved problems worsening glycemic control [28] . In youth aged 7 to 16 years, the most commonly discussed barrier to healthy eating was the constant and extensive exposure to unhealthy food at and outside home, peer interactions, convenience (preference for prepackaged foods that require no preparation) and consuming fast food and other less healthy meals because of busy schedules and lack of time to prepare the meals [26] . A recent study conducted with adolescents with T1D identified 10 relatively homogeneous categories of obstacles to dietary adherence: being tempted to stop trying; negative emotional eating; facing forbidden foods; peer interpersonal conflict; competing priorities; eating at school; social events and holidays; food cravings; snacking when at home, alone, or bored; and social pressure to eat [29] . The difficulty in understanding the proposed food plans, for example lists of replacements or carbohydrate counting therapy charts [30] [31] [32] are problems that are frequently reported.
It is well documented that MNT favors the reduction of glycated hemoglobin levels [14, 25, 33] . Similar to our data, a study with T1D, aged between 9-14 years showed that adherence to diet was associated with better HbA1c levels and more frequent SMBG. A relationship between modality of insulin injection and diet adherence showed that patients in more complex insulin therapy schedules were more adherent to diet. The same was observed in the study that investigated the association between dietary adherence and glycemic control. The results showed that patients treated with ≥ 4 injections/day or insulin pump were in the highest and middle level of dietary adherence and concluded that greater dietary adherence was associated with lower A1c among youth with type 1 diabetes [34] . Healthy eating habits were also associated with better glycemic control in adolescents [35, 36] and adults who have been training flexible intensive insulin treatment combined with more relaxed dietary flexibility and with insulin doses adjustment, have shown to improve both glycemic control and quality of life [23] .
Our results are consistent with other studies linking dietary intervention with lower levels of sBP, dBP, triglycerides, HDL and LDL cholesterol [37, 38] . The high intake of calories originated from fat and low intake of fibers, fruits and vegetables is a concern given the risk that T1D poses for CVD [20, [39] [40] [41] [42] . The adherence to the prescribed diet is a contributing factor to the reduction of the cardiovascular risk factors [25] and weight control [36] . Our study has shown that patients who reported being adherent to diet had lower rates of overweight and obesity. A Norwegian study has shown that skipping meals is associated with negative stigma such as being overweight and having a higher intake of added sugar and lower intake of fiber [36] . Close adherence to dietary management has been found to be correlated with better glycemic control in youth with T1D [16, 34] and following recommendations for healthy eating may be the best way for preventing or treating comorbid conditions [2] .
Multiple injections therapy has been found in several studies to be a main predictor of weight gain, overweight and obesity that are cardiovascular risk factors. This could be explained by increased caloric intake due to the flexibility allowed by intensive insulin treatment [43, 44] . This greater flexibility may also increase the opportunity to choose types and amounts of foods, potentially making nutritional education even more important [26] . Our study showed better adherence to diet in non-smoking patients which could be related to a better adherence to behavioral advice (diet, exercise, and smoking cessation) although we did not address adherence to exercise. It is important to emphasize that better adherence to behavioral advice after acute coronary syndrome was associated with a substantially lower risk of recurrent cardiovascular events [45] .
We did not find significant difference in poor glycemic control between subjects who did follow or did not follow the diet, probably because the number of patients with an inadequate glycemic control, evaluated by the HbA1c levels was very expressive (almost 47% of the patients had HbA1c levels higher than 9%).
The primary strength of our large sample size is that it represents the diverse, young T1D Brazilian population. Patients included in the study belonged to a wide range of ethnic groups and socioeconomic backgrounds from all of the geographic regions of the country, with a uniform, standardized recruitment protocol in all participating centers.
Finally, our study has also some limitations that must be mentioned. One limitation was the sample characteristics. All patients lived in large cities and were cared for in a public health center by a specialist; thus, patients who rely on primary care facilities and live in rural areas may not have been considered. However, the latter T1D patients are the minority of those receiving treatment in Brazil. Additionally, the recruitment of patients within each center may have led to a selection bias. Also, the data related to nutritional factors were self reported including adherence to diet which was based on information reported on adherence to medication in clinical trials [46] . These data were obtained during an interview conducted by a doctor during a clinical evaluation and were not based in diet diary (work and weekend days). The lack of standardization for evaluation of HbA1c levels which is currently an unsolved problem in our country, lack of control for physical activity and the absence of psychosocial evaluation were other limitations of our study. Family support and patient self-efficacy has been associated with several positive outcomes, including better glycemic control and compliance to perform SMBG but this was not investigated concerning the adherence to a specific diet plan.
In conclusion, despite the advantages of being adherent to the diet upon glycemic and cardiovascular risk factors control, nearly 45% of Brazilian T1D patients did not report adherence to the diet. The diabetes care team must change the approach to the patients and their families reinforcing the importance of the diet in reaching an adequate metabolic control and consequently in avoiding or postponing diabetes-related complications and also helping them to overcome the difficulties they have in following the diet. Our results suggest that it is necessary to rethink medical nutrition therapy in order to help patients to overcome barriers that impair an optimized adherence to the diet.
